, and lower survival of tree seedlings ( Gorchov and Trisel, 2003 ) . Despite the negative impacts of L. maackii on native plants in invaded forests, little is known about its dispersal patterns and range expansion. The study of its genetic structure could provide insight to determine whether invasions progress through long-distance dispersal events followed by local expansion. Here, we describe 11 polymorphic microsatellite loci developed to study the genetic structure of L. maackii .
METHODS AND RESULTS
Leaf tissue collection -Leaf samples of L. maackii were collected from four to 31 plants from 10 different woodlots in Darke, Preble, and Butler counties, Ohio. Leaf tissue was collected on dry ice prior to storage at −40 ° C until DNA extraction. Total genomic DNA was extracted from leaves of each honeysuckle plant using the cetyltrimethylammonium bromide (CTAB) protocol described by Doyle and Doyle (1987) .
Development of microsatellite markers -
The microsatellite markers were developed using a modifi ed magnetic bead protocol ( Glenn and Schable, 2005 ) . Genomic DNA was digested from a concentrated sample of L. maackii plants using Hae III/ Psh A1 restriction enzyme (Invitrogen, Carlsbad, California, USA). Two linkers were ligated onto the digested genomic DNA (M28 5 ′ -CTCTTGCTTGAATTCGGACTA-3 ′ and M29 5 ′ -pTAGTCCGAATTCA A-G CAAGAGCACA-3 ′ ), and M28 was used as a primer for subsequent PCR. The digested genomic DNA was amplifi ed in multiple PCR reactions and concentrated to gain enough DNA for the following bead hybridization process. Six arbitrary repeat motifs with a biotin label on the 5 ′ end were chosen as probes for the bead hybridization reactions (TC 12 , AC 12 , AAG 7 , AAC 7 , GATA 6 , CATA 6 ). After the hybridization, the selected fragments were isolated from the rest of the genomic DNA using streptavidin-coated magnetic beads to enrich for genomic DNA containing the selected repeats. The repeat-enriched DNA was then ligated into a pGEM-T vector (Promega Corporation, Madison, Wisconsin, USA) and cloned into electrocompetent E. coli cells. Positive clones were sequenced Rocha et al.-Lonicera maackii microsatellites doi:10.3732/apps.1300030 http://www.bioone.org/loi/apps The PCR program used included an initial step of 1 min of denaturation at 94 ° C; 35 cycles of 30 s at 94 ° C, 30 s at 55 ° C, and 1 min at 72 ° C; and a fi nal extension cycle of 5 min at 72 ° C. Genotyping was conducted using capillary electrophoresis on an automated genetic DNA analysis system (CEQ 8800; Beckman Coulter, Fullerton, California, USA). Four microliters of PCR product were mixed with 28 μ L of formamide and 0.4 μ L of 400-bp DNA size standard (GenomeLab, Beckman Coulter) for capillary electrophoresis. Fragments were identifi ed on the basis of their size and according to their mobility in relation to the size standard using a cubic function.
Electrophoresis data were collected automatically using the GenomeLab GeXP Genetic Analysis System (Beckman Coulter). Once all of the data scoring was complete, random samples were reamplifi ed and rerun to assess reproducibility and confi rm the scoring and allele sizes.
Genetic data analysis -Genetic diversity was quantifi ed for all loci by the mean number of alleles per locus ( A ), the effective number of alleles per locus ( A e ), observed heterozygosity ( H o ), and Nei's expected heterozygosity ( H e ) for each locus and averaged across all loci using the program POP-GENE 1.31 ( Yeh et al., 1999 ) . All loci examined were polymorphic across all populations, and showed high levels of allelic diversity. A total of 73 and 32 different alleles were found for the fi rst six and second fi ve loci, respectively. The average A in each L. maackii population averaged 7.07 and 6.27 ( Tables 2, 3 ) . Average A e was lower than A across all populations ( A e = 4.41 on an ABI PRISM 377 DNA Sequencer (Applied Biosystems, Foster City, California, USA). Sequences were obtained using universal M13 forward (F) and reverse (R) primers employing ABI PRISM BigDye Terminator sequencing kits (Applied Biosystems). Sequences containing repeat motifs and suffi cient fl anking sequences were used to design primers with Primer3 software ( Rozen and Skaletsky, 2000 ) . All sequences were deposited in GenBank ( Table 1 ) . Twenty primer pairs were screened on 3% agarose gels against 12 samples from different locations to identify polymorphic markers. Of the 20 markers that were initially screened, 11 were determined to be polymorphic and we then obtained these markers with fl uorescent dye labels ( Table 1 ). All forward primers were labeled with WellRED fl uorescent dyes (D4 or D3; Integrated DNA Technologies, Coralville, Iowa, USA). Once PCR reactions were optimized, samples from individual plants taken from 10 populations were used to determine the diversity of these loci.
Voucher specimens of the samples used for the development of these microsatellite loci were deposited in the herbaria at Miami University (MU 284343) and Kent State University (KE 66371). DNA samples are maintained in the fi rst author's laboratory at Kent State University, and can be made available upon request. Tables 2 and 3 .
PCR amplifi cation and fragment analysis -
Deviations from Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium were determined using POPGENE 1.31. Our analyses revealed significant deviations from HWE in eight of the 10 populations for at least one locus ( Tables 2, 3 ). Given that these populations were recently established and most likely received seeds from multiple nearby invaded woodlots, it is reasonable to expect that they will not be in equilibrium. Moreover, we also found linkage disequilibrium for multiple paired comparisons in many populations, but it is difficult to make inferences about linkage disequilibrium given the deviations from HWE observed in these populations. Furthermore, we found that pairs of loci showing linkage disequilibrium were not consistent across populations. These loci should now be tested with samples from parent-offspring pairs to ensure that these markers behave as expected.
CONCLUSIONS
The results described here allow preliminary inferences about the genetic structure of the invasive shrub L. maackii using newly developed microsatellite markers. Our results show high levels of genetic diversity among populations in southwestern Ohio. The high levels of heterozygosity and low F IS values observed in these populations indicate that there is little inbreeding, suggesting that this species is predominantly an outcrosser. Moreover, a signifi cant proportion of the genetic diversity (8%) was found among populations, a level of genetic differentiation consistent with the range observed for short-lived perennials ( Hamrick and Godt, 1990 ) . These fi ndings indicate that these microsatellite markers are a useful tool to elucidate the genetic structure and dispersal patterns of L. maackii in its invasive range. Weir (1996) .
